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Introduction
Depression produces the greatest decrement in health of all common chronic conditions, 1 and depression in older people is an important public health problem. 2 Antidepressants can help depressive patients effectively, but concern exists that antidepressants may interact unfavourably with non-steroidal anti-inflammatory drugs (NSAIDs). 3 4 Antidepressants, especially selective serotonin reuptake inhibitors, and NSAIDs are each thought to increase the risk of abnormal bleeding. 5 6 According to the results of a meta-analysis in 2008, the odds ratio of upper gastrointestinal haemorrhage was 2.36 (95% confidence interval 1.44 to 3.85) for selective serotonin reuptake inhibitors alone and 6.33 (3.40 to 11.82) with concomitant NSAIDs, 7 although controversy exists about whether the risk of gastrointestinal bleeding increases when they are prescribed together, compared with their use alone. 8 9 Unlike for gastrointestinal bleeding, neither selective serotonin reuptake inhibitors nor NSAIDs alone have been found to be associated with an increased risk of intracranial haemorrhage. [10] [11] [12] [13] However, little is known about the risk of intracranial haemorrhage associated with the combined use of antidepressants and NSAIDs. We sought to estimate the risk of intracranial haemorrhage among patients who were treated with both antidepressants and NSAIDs, compared with the risk among those treated with antidepressants without NSAIDs.
Methods

Data source
We used the Korean Health Insurance Review and Assessment Service database for this study. The National Health Insurance programme started in Korea in 1977 and achieved universal coverage of the population by 1989. 14 All Koreans are covered by the programme. Accordingly, the database contains all information on healthcare use and prescribed drugs for approximately 50 million Koreans.
We obtained the claims data for the patients who were prescribed at least one antidepressant drug from 1 January 2009 to 31 December 2013. The database included an unidentifiable code representing each patient together with age, sex, diagnosis, ambulatory
WhAT IS AlReAdy knoWn on ThIS TopIC
Antidepressants and non-steroidal anti-inflammatory drugs (NSAIDs) are generally believed to each increase the risk of abnormal bleeding However, very little is known about the risk of intracranial haemorrhage associated with the combined use of antidepressants and NSAIDs
WhAT ThIS STudy AddS
Combined use of antidepressants and NSAIDs was associated with an increased risk of intracranial haemorrhage within 30 days of initial combination care, hospital admissions, and dates of visits. 15 In addition, prescribed drug information included the generic name, prescription date, and duration. The diagnosis was coded according to the international classification of disease, 10th revision (ICD-10). A previous validation study compared the diagnoses derived from the database with the actual diagnoses in the patients' medical records. The overall positive predictive value of the diagnoses was 83.4%. 16 Patient involvement and study population There was no patient involvement in this study. The study population was composed of antidepressant treated patients. We included new users of antidepressants who took antidepressants for the first time between 1 January 2010 and 31 December 2013 (index date) without a history of having received a prescription for antidepressants during the preceding year. By including only new users, we could ignore the influence of previous antidepressant treatment. We excluded patients who had been diagnosed as having cerebrovascular diseases (ICD-10: I60-I68, G45, G46) as their primary or secondary diagnosis within a year before the index date. We also excluded patients who were over the age of 99, had a diagnosis of intracranial haemorrhage on the index date, or took prescriptions for more than one antidepressant on the index date and those whose index date was the last day of the study. In addition, we excluded patients whose index date came after the date of death (ICD-10: I46.1, I46.9, R96, R98, R99) (figure ). Antidepressants included tricyclic antidepressants, selective serotonin reuptake inhibitors, serotonin-norepinephrine reuptake inhibitors, monoamine oxidase inhibitors, and others. 17 Antidepressants included in "others" were bupropion, hypericin, mirtazapine, tianeptine, and trazodone.
Combined use of antidepressants and nsaiDs
Among antidepressant treated patients, we obtained their NSAID prescriptions by using the Anatomical Therapeutic Chemical codes (M01A, N02BA). We defined combined use of antidepressants and NSAIDs as the prescription of at least one NSAID during the defined 30 day follow-up of antidepressants.
Follow-up to intracranial haemorrhage
We defined the outcome as time to first hospital admission with intracranial haemorrhage (ICD-10: I60-62) as the primary or secondary diagnosis within 30 days' follow-up after the index date. The index date was the date of newly prescribed antidepressants. We assumed follow-up of antidepressant to last for seven days after the final prescription in a continuous course of treatment. We considered follow-up to have started on the index date and to have ended on the date of first hospital admission with intracranial haemorrhage within 30 days, the date the patient switched to another antidepressant, the date of discontinuation, or the last day of the study. We treated death as a competing risk.
Potential confounders
Age, sex, comorbidity, and co-medication are all possible confounders of the association between antidepressant use and intracranial haemorrhage. We defined information on comorbidity and co-medication according to previous diagnoses and the use of drugs within one year before the index date. We calculated the modified Charlson index to estimate the severity of disease according to previous diagnoses within one year before the index date. 18 We selected as confounders any comorbidities that may influence the risk of intracranial haemorrhage, which included diabetes, chronic obstructive pulmonary disease, hypertension, osteoarthritis, rheumatoid arthritis, osteoporosis, alcohol related disorder, ischaemic heart disease, chronic kidney disease, peptic ulcer, dementia, non-alcoholic liver disease, schizophrenia, neoplasm, HIV infection, transplantation, atrial fibrillation, heart failure, disease of arteries, and disease of veins. Low dose acetylsalicylic acid (Anatomical Therapeutic Chemical code: B01AC06), steroids (H02AB), warfarin (B01AA03), heparin (B01AB), platelet aggregation inhibitors (B01AC), antithrombotic enzymes (B01AD), direct thrombin inhibitors (B01AE), direct factor Xa inhibitors (B01AF), and other antithrombotic agents (B01AX) were also selected as confounders because they might increase the risk of intracranial haemorrhage through their action on haemostasis.
statistical analysis
We estimated the propensity scores for adding NSAIDs to antidepressants without regard to outcomes by multiple logistic regression analysis using the following variables: age category, sex, Charlson index category, comorbidity, and co-medication ( selection of study participants from Health insurance review and assessment service database in retrospective cohort design. nsaiD=non-steroidal anti-inflammatory drug model discrimination with the c statistic. Matching was done using the Greedy 5→1 digit matching macro with the estimated propensity score. 19 We used a standardised difference to compare baseline characteristics between patients who were treated with antidepressants without NSAIDs and those treated with antidepressants and NSAIDs. 20 We calculated Cohen's d as the difference between two sample means divided by a pooled standard deviation for the data. We defined imbalance as an absolute value greater than 0.1. 21 We calculated the incidence rate per 1000 person years by dividing the number of intracranial haemorrhage events by the total number of person years at risk and multiplying the result by 1000 and calculated the 95% confidence interval assuming a Poisson distribution. For construction of the multivariable model, we included variables that achieved statistical significance in the likelihood ratio test. The final model included dementia, warfarin, heparin group, and steroids as the adjusting variables. We assessed the status of combined use of NSAIDs and covariates on a daily basis during the follow-up period for the time varying covariates. We used matched Cox regression models to estimate hazard ratios and their 95% confidence intervals for intracranial haemorrhage with time varying covariates in the propensity based matched cohort. By using this model, we could obtain an unbiased estimate of the change in the hazard of intracranial haemorrhage because of the concomitant use of antidepressants and NSAIDs. 22 Competing risks arise when patients are exposed to several causes and failure due to one cause excludes failure due to other causes. 23 In our study, we treated death as a competing risk rather than censoring it owing to its potential causal effect on the outcome of interest.
We also did a subgroup analysis according to antidepressant class, age category, sex, type of intracranial haemorrhage, comorbidity, and co-medication. We did subgroup analysis using a single model with interaction terms to see whether the association with the concurrent use of NSAIDs among antidepressant users differed significantly. We used the SAS statistical application program (release 9.3) for all statistical analyses. We considered a two tailed value of P<0.05 to be statistically significant.
Results
From the 7 555 863 people who received prescriptions for at least one antidepressant drug during the study period, we identified 5 835 835 new users of antidepressants. A total of 5 168 833 people met the study inclusion criteria. After propensity score estimation and matching in a one to one ratio, the cohort used in the analysis of antidepressant with NSAIDs versus without NSAIDs included 4 145 226 people. The c statistic was 0.686. The figure shows the cohort selection process. Among 5 168 833 people who used the antidepressant and NSAIDs combination, the mean follow-up was 18 (SD 8) days and the median was 14 (range 2-30; interquartile range 12-28). Table 1 shows the baseline characteristics of people with antidepressant use with and without NSAIDs in the overall cohort and propensity based matched cohort. All of the standardised difference scores in the propensity based matched cohort were less than 0.1 as an absolute value. Table 2 shows the hazard ratios for intracranial haemorrhage associated with the use of NSAIDs compared with no use of NSAIDs in antidepressant treated patients. We found that the risk of intracranial haemorrhage was higher for the combined use of antidepressants and NSAIDs than for antidepressant use without NSAIDs (hazard ratio 1.6, 95% confidence interval 1.32 to 1.85). We found no statistically meaningful differences in risk of intracranial haemorrhage between the antidepressant drug classes. The differences in adjusted hazard ratios for tricyclic antidepressants (1.7 (1.33 to 2.13) v 1.6 (1.27 to 2.03)), selective serotonin reuptake inhibitors (1.4 (1.17 to 1.72) v 1.5 (1.27 to 1.86)), and serotonin-norepinephrine reuptake inhibitors (0.4 (0.32 to 0.46) v 1.5 (1.31 to 1.83)), each compared with the rest, were not statistically significant. The P values greater than 0.05 for subgroup analysis of different antidepressant classes showed that no particular class increased the risk of intracranial haemorrhage. Table 3 shows the risk of intracranial haemorrhage in subgroups according to age, sex, subtype of intracranial haemorrhage, comorbidity, and co-medication. We found no difference in risk associated with age and subtype. The hazard ratio associated with concomitant use of NSAIDs was higher among male than female patients (2.6 (1.93 to 3.42) v 1.2 (0.89 to 1.57)). Comorbidities and co-medications did not seem to increase the risk of intracranial haemorrhage with combined use of antidepressants and NSAIDs. 
discussion
In this population based cohort study, we evaluated the association between the combined use of antidepressants and NSAIDs, compared with the use of antidepressants alone, and the risk of intracranial haemorrhage. Compared with the use of antidepressants alone, the combined use of antidepressants and NSAIDs was associated with an increased risk of intracranial haemorrhage.
Comparison with other studies These results are in line with those of a nested casecontrol study of the risk of intracranial haemorrhage in users of selective serotonin reuptake inhibitors, which found a trend towards an increased risk of intracranial haemorrhage in people with current exposure to both selective serotonin reuptake inhibitors and NSAIDs. 10 The odds ratio of intracranial haemorrhage for current use of selective serotonin reuptake inhibitors and never use of NSAIDs was 0.7 (95% confidence interval 0.3 to 1.7) and the odds ratio for current use of both drug types was 2.4 (0.9 to 6.2), compared with never use of either drug type. Our study included all the classes of antidepressants, and we found no difference between them. Advancing age and antithrombotic agents are well known risk factors for intracranial haemorrhage, 10 12 but the hazard ratio for intracranial haemorrhage associated with the combined use of antidepressants and NSAIDs did not differ significantly in the patients who used antithrombotic agents or in older patients. The combined use of antidepressants and NSAIDs seems not to have had a major effect on patients who already had risk factors for intracranial haemorrhage. However, male sex was the most common risk factor for a higher hazard ratio for intracranial haemorrhage with combined use of antidepressants and NSAIDs. We verified our study design by including myocardial infarction, which is not related to bleeding. The endpoint not related to bleeding did not increase the risk of intracranial haemorrhage compared with the endpoints related to bleeding (hazard ratio 0.9, 0.65 to 1.32). Our results showed that the study design was adequate to detect the increase in risk of bleeding with combined use of antidepressant and NSAIDs (data not shown).
Antidepressants, particularly selective serotonin reuptake inhibitors, block platelet uptake, and use of these agents results in bleeding complications. 5 NSAIDs are also known to inhibit normal platelet function. 6 However, a previous population based study did not find a significant association of use of each drug with intracranial haemorrhage. 13 Our study found the additional effect according to the drug-drug interaction based on the population based data. Serotonin-norepinephrine reuptake inhibitors work by inhibiting the reuptake of not only serotonin but also norepinephrine. Elevation of norepinephrine concentrations may be associated with an increased risk of intracranial haemorrhage. A high risk with venlafaxine was reported by De Abajo and Garcia-Rodriguez, who estimated the risk of upper gastrointestinal tract bleeding. 24 This may be because, as they noted, venlafaxine has a lower affinity for the serotonin receptor than do most selective serotonin reuptake inhibitors, 25 but to compensate for its lower potency in vitro, a threefold to sevenfold greater daily dose is usually prescribed.
To the best of our knowledge, this is the first population based cohort study focusing on the risk of intracranial haemorrhage associated with the combined use of antidepressants and NSAIDs. Most existing studies have been case-control studies and have focused on abnormal bleeding risk from selective serotonin reuptake inhibitors. This study included all antidepressant prescriptions in Korea during a five year period. We focused on changes in risk due to addition of NSAIDs to antidepressants, which could provide information about drug interaction. strengths and limitations of study Our finding should be interpreted with caution. This study has potential inaccuracy of coding and incompleteness of records. The outcome measures were also limited to patients admitted to hospital with intracranial haemorrhage, which does not capture events outside hospital. However, patients with fatal events are likely to be in hospital, which minimises the possibility of us missing fatal cases. A validation study compared the diagnosis derived from the Health Insurance Review and Assessment Service database with the actual diagnosis in patients' medical records in Korea. The overall positive predictive value of the diagnoses was 83.4% in the case of patients admitted to hospital. 16 Computed tomography and magnetic resonance imaging are routinely used in the diagnosis of intracranial haemorrhage, and a radiologist's reading is required for insurance claims in Korea. 26 According to a nationwide survey of 152 representative hospitals, computed tomography or magnetic resonance imaging was used in 89% of hospital admissions for intracranial haemorrhage. Agreement on diagnosis of intracranial haemorrhage is generally high in Korea and in other countries. 16 26-30 We defined death by ICD-10 codes (I46.1, I46.9, R96, R98, and R99) without further records after the date of coding.
Our findings are subject to selection bias and confounding with respect to the relative difference in the baseline for the risk of intracranial haemorrhage between the comparison groups. However, we used propensity score matching, which should eliminate a greater proportion of the baseline differences than would stratification or covariate adjustment. Although we used a propensity score matched design, this does not preclude findings being influenced by potential confounders. Hidden bias may remain because of the influence of unmeasured confounders.
Conclusion
The addition of NSAIDs to antidepressant treatment increased the risk of intracranial haemorrhage within 30 days of the combination starting, especially in men. This result adds to evidence confirming the increase of risk with combination use of antidepressants and NSAIDs. Special attention is needed when patients use both these drugs together.
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